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(57} Dio Eff Mime batriffi cbi V^rMiw tor QiNmebiuig von f»ten ra«kii««n natmoii. Das Varfahren bezloht sich 
auf dia Inteasmitiafiehtnio von heiBaii mmtmn naaman aua Plaunapyiolysaproiomn lur Varhindmog das Zerialis 
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PatMituisinlMiOi 

1 . Verfahrm zur Quenehung von helOen roaktiven Plaomon aus PlflsmapyrolyBeprozeaaen duiuh ein in 
oinamseparatsn Kreieiauf umlaufinclod prosoftoigenes Pyrolysegas, dadurdi gofcenmeiohnet da& 
untarVerwMidung ainor tmldQta daa KraMaufgasauf OberaehallgaaohwindigkaltbaaoMaunigt . 
und auf •inaTamparatur imtariialb dar Umgabui^atampaiauir abgaMMt wild* 

2. VarfehrannachAnaprueh 1,dadoidistiwi«»riclina|,daBda8lCraM 
LavaldQsftBUfmlndeatansaiMPavardrchtatwInl ; . ^ ^, , .^^ 

3. Varfahran nach Anspruch 1, dadurch gafcamudcfmet; daS daa halBa Masma in daa dla LavaldOsa 
vartaaaandaKraialaiifgaaalngadfistwIrd. 
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Elhylin«iiidl>yiolyMkeki^bf^ v 'w«^«fwwBwwiion. 

IlMtdsBratmkohtosMmiiiantPyrolys^ 

PyrAlyMoaftlmitlMf mlisiaft iniMdldMm aiMMongsvoiimOOOIImVhlMslaulga 

Komprassoronslstlonwiidfamttrttttb dss KreliteifHi du wnbitfoiidelVm^swibfrdi imiteiiifloe Vardklittiiig mSt 
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(54) Method of quenching of hot reactive plasmas 



(55) Plasma pyrolysis; plasma reactor; quench; Laval nozzle; compression; expansion; cool down; 
recycle gas; supersonic speed 

(57) The invention concerns a method for quenching of hot reactive plasmas. The method pertains to the 
intensive quenching of hot reactive plasma from plasma pyrolysis processes to prevent the breakdown of 
the hydrocarbons formed as the target products in the plasma reactor. By means of the solution of the . 
invention, the quench process is substantially intensified, thereby greatly reducing in particular the 
breakdown of acetylene during the quench. According to the invention, the pyrolysis process gas moving in 
a separate circulation is compressed in a compression stage to a pressure of at least 0.2 MPa, then expanded 
in a Laval nozzle and accelerated to supersonic speed. The recycle gas, which has been accelerated and 
supercooled by the expansion, is mixed with the hot reactive plasma in a quench stage. The effects consist 
of a high mixing rate for the recycle gas, which is on the order of magnitude of that of the plasma, the 
viscosity of the pyrolysis gas is reduced by the supercooling, and the thermal gradient between quench gas 
and pyrolysis gas is increased. Thanks to the combined action of all effects, the quenching rate is increased 
and the acetylene breakdown reduced. 
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Patent Claims: 

1 . Method for quenching of hot reactive plasmas from plasma pyrolysis processes by a 
process-internal pyrolysis gas traveling in a separate circuit, characterized in that the 
recycle gas is accelerated by use of a Laval nozzle to supersonic speed and cooled 
down to a temperature below the ambient temperature. 

2. Method per Claim 1, characterized in that the recycle gas is compressed to at least 02 
MPa before entering the Laval nozzle. 

3. Method per Claim 1, characterized in that the hot plasma is injected into the recycle 
gas leaving the Laval nozzle. 

Area of Application of the Invention 

The invention can be used in plasma chemistry, especially in plasma pyrolysis processes, 
for quenching of hot plasma. 

Characteristics of the known State of the Art 

Highly endothermal target products from plasma pyrolysis processes of various fossil raw 
materials, such as acetylene and ethylene, are considered to be kinetically determined 
intermediate products of a radically occurring reaction process in the plasma pyrolysis 
reactor, which possess a maximum concentration during the time of occurrence of the 
reaction process, at which the processes of formation and breakdown are briefly in 
equilibrium. Hydrocarbons formed initially in the pyrolysis plasma break down into soot 
and hydrogen in the further course of the process if the high plasma temperatures are 
maintained. To prevent this process, the high-temperature chemical equilibrium 
prevailing in the plasma must be frozen as abruptly as possible by subjecting the plasma 
to a high-speed quenching process when the target products are at maximum 
concentration. 

The shorter the quench time, the fewer hydrocarbons break down into soot and hydrogen. 
The highest quench speeds at present can be achieved by injecting cold gas into the 
plasma jet. 

In DD-WP 260621, a method is presented for gas quenching of pyrolysis plasmas, which 
is characterized in that process-intemal pyrolysis gas is used instead of outside gases such 
as hydrogen, being blown into the hot plasma jet. 

The quench rate achievable with this method is finite and bounded from above, since the 
thermal driving force between plasma and pyrolysis quench gas is determined by the 
pyrolysis quench gas, which is at ambient temperature or slightly elevated temperature. 
Secondly, the speed of the plasma leaving the plasma reactor is generally below that of 
the injected quench gas. This, as well as the high viscosity of the plasma, makes a quick 
mixing difficult. 

In DD-WP 240841 the hydrodynamics of the gas quench process is improved by 
mechanical means, such as parts built into the quench apparatus, and in paiticular an 
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intensive quenching of the center of the hot plasma jet is achieved. In this way, the 
quench rate can be further increased. 

However, with this solution as well, the maximum quench rate is bounded from above 
due to the unchanged stationary thermal driving force between plasma and quench gas, 
the same relations for the flow gas velocity, and the relatively high viscosities of the two 
components. 

Purpose of the Invention 

The purpose of the invention is to minimize the quench time during plasma pyrolysis, 
thereby increasing the effectiveness of the overall process. 

Presentation of the Essence of the Invention 

The basic problem of the invention is to diminish the factors which place an upward limit 
on the quench gas speed during plasma pyrolysis, such as the viscosity of the plasma and 
that of the recycle gas used as quenching agent, and at the same time to increase the 
momentum of the quench gas being mixed in and, thus, the mixing rate. The thermal 
driving force gradient between plasma and recycle gas should likewise be increased. 
Furthermore, one should improve the hydrodynamic conditions of the mixing. 
According to the invention, the problem is solved by using a method for quenching of hot 
reactive plasmas from plasma pyrolysis processes by a process-internal pyrolysis gas 
traveling in a separate circuit, which is accelerated by use of a Laval nozzle to supersonic 
speed and cooled down to a temperature below the ambient temperature. 
The recycle gas is compressed to at least 0.2 MPa before entering the Laval nozzle. 
Immediately after leaving the Laval nozzle, the recycle gas is injected into the hot 
plasma. 

The mode of operation of the invention consists in that the pyrolysis gas traveling in the 
circuit, having a temperature above and near the ambient temperature, is compressed to at 
least 0.2 MPa, and a cool down to a temperature below the ambient temperature is 
achieved by subsequent expansion in a Laval nozzle. The flow rate upon leaving the 
Laval nozzle is above the speed of sound, so that the momentum of the supercooled 
recycled gas is very high. This fast-flowing, supercooled recycle gas is mixed with the 
hot reactive plasma leaving the plasma reactor, according to the invention. 
Due to the high momentum of the supercooled recycle gas, the plasma jet is torn apart, 
combined with a high mixing rate. 

The second effect achieved by the solution of the invention is that the thermal driving 
force between recycle gas and plasma is increased by supercooling of the recycle gas by 
the expansion in the Laval nozzle, resulting in a faster and more intensive temperature 
equalization between the two media. 

A further effect is an increased thermal capacity of the circulating pyrolysis gas and, thus, 
a lower temperature of the gas mixture after the quench. Because of the low temperature 
of the supersonic recycle gas flow, the viscosity is reduced as compared to ambient 
temperature, which has positive impact on the mixing of plasma and recycle gas. 
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Sample embodiment 

In a plasma layout for plasma pyrolysis of coal in H2 plasma for production of 300,000 
ton/year of acetylene, as well as hydrogen, ethylene and pyrolysis coke, [it] consists of 
fifty 10-MW plasmatrons with plasma reactor. 

The pyrolysis gas obtained from brown coal has the following composition: 

C2H2: 10 vol. % 
C2H4: 5 vol. % 
CO: 20 vol. % 
H2: 65 vol. % 

The pyrolysis coke load of the pyrolysis gas is 1-1,5 kg/Nm^. Inside this plasma layout, 
according to the invention, a pyrolysis gas circuit is implemented, in which a quantity of 
300,000 Nm^/h of recycle gas travels. At a central compressor station, the circulating 
pyrolysis gas is compressed to a pressure of 0.3 MPa within the circulation by two-stage 
compression with intermediate cooling and then cooled down to a temperature of 325 K. 
The adiabatic exponent in the pyrolysis gas flow is % = 1.36, the speed of sound in the 
pyrolysis gas in the resting state is 532 m/s. 

ITie compressed recycle gas flow is now divided among 50 plasma reactors and 
adiabatically expanded to a pressure of 0.12 MPa in a Laval nozzle for each of them in a 
quantity of 6000 NmM^/h per plasma reactor. 

In this way, the pyrolysis parameters after the expansion have been changed in the 
following manner: 

Speed of sound in the recycle gas: 443 m/s 
Speed of circulation: 695 m/s 
Temperature: 225 K. 

Furthermore, the viscosity of the recycle gas has been reduced by around 20% compared 

to the value under normal conditions. Into this supercooled circulating stream flowing at 

supersonic speed, 6000 Nm^/h of reactive hot plasma from the plasma pyrolysis reactor 

with a temperature of 2200 K is injected for each plasma reactor. 

Because the high speeds of plasma and supersonic recycle gas flow have comparable 

order of magnitude, and the viscosity of the recycle gas is greatly reduced compared to 

the ambient condition, there is an intensive mixing of both streams. 

Because of the greater thermal driving force between plasma and recycle gas, the quench 

is improved and the temperature equalization is accelerated, especially in the initial 

contact phase. 

A further positive effect is the higher energy uptake capability of the cold supersonic 
recycle gas flow and, thus, a lowering of the mix temperature, which is around 900 K. 
The quench process is much more effective overall, since the quench rate is increased by 
10-20%, and the acetylene breakdown is lowered by around 3000 ton/s in terms of the 
production capacity of the layout, compared to traditional types of quenching. 
After the quenching process, the pyrolysis gas (900 K, 0.12 MPa, 600,000 Nm^/h) is 
cooled down by recuperation of waste heat, the pyrolysis coke is eliminated by cyclones 
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and other suitable solid separators, and 300,000 Nm /h is removed from the pyrolysis gas 
flow for further processing. 

The other 300,000 Nm^/h is a second partial flow which is returned to the Laval nozzle in 
the circulation through the aforementioned compression. 

However, it is also possible to remove the partial flow for further processing after the 
compression stage. 

Another advantage of the invented method is that the hardware expense for implementing 
the method by simple means is very low and it guarantees a safe operation of the quench 
stage. 
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